Search f o r a P r im a r y Iso to p ic E ffe c t o n th e M a g n e tic S h ie ld in g o f th e R u b id iu m a n d The ratios of the ^-factors of 85Rb and 87Rb and of mCd and mCd have been measured in aqueous solutions of salts by the NMR method with high accuracy. A comparison with the same ratios measured by optical pumping techniques in free atoms shows agreement within the limits of error of 2.3-IO-6 in the case of rubidium and of 3-10-7 in the case of cadmium: No difference in the magnetic shielding between the isotopes is observable.
Introduction
Very accurate ratios of the ^-factors of isotopic pairs must be available for evaluating small hyper fine structure anomalies 1. Such ratios are usually measured by the nuclear magnetic resonance (NMR) method in an almost arbitrary chemical surround ing. Recently some papers have appeared, in wrhich a "primary isotopic effect" on the chemical shift of the nuclei of an isotopic pair has been reported: Tupciauskas et al. 2 found in some tin compounds differences of about 3 10-6 between the ratios of <7i (119Sn) Igi (117Sn). There are also discrepancies of about 2 -1 0 "6 in the ratios of ^i(15N )/^i(14N) measured in several nitrogen compounds by dif ferent authors 3-4-5, all using the nuclear magnetic double resonance method as in the case of tin. Other authors found in similar measurements for 35C1, 37CI (see 6) and 123Te, 125Te (see 7) in some differ ent chemical compounds agreement within 2-10~' for the ratios of ^-factors.
Prim ary Isotopic Effect on the Magnetic Shielding
The Larmor frequency o>l of a nucleus in a dia magnetic liquid in a magnetic field H0 can be written 0JL = 7 H0 (1 -a) y = giijUx/h) is the gyromagnetic ratio, is the nuclear magneton, g\ is the nuclear Landed-factor and o is the shielding constant.
If the shielding constant is not referred to the unpracticable bare nucleus but to the free atom, the Reprint requests to Dr. O. Lutz. Physikalisches Institut der Universität Tübingen, D-7400 Tübingen, Gmelinstr. 6, Germany.
following relation holds 8:
;'xmr is measured by an NMR experiment in a dia magnetic liquid and 7atom is measured using free atoms.
The shielding constant usually changes from a compound 1 to a compound 2, the difference -Oo* = d is called the chemical shift.
The ratio of the Larmor frequencies of two iso topes a and b of the same element in the same magnetic field and in the same compound is
If for two compounds having a chemical shift d this ratio is found to be not constant, there must be an isotopic effect on the shielding constant:
The size of such an effect mentioned in the intro duction seems to be surprisingly large.
A primary isotopic effect on the shielding con stant might perhaps be caused by the differences between the masses and the magnetic moments of the nuclei of the two isotopes.
For searching for further primary isotopic effects we have measured the ratios of the (^-factors of the isotopic pairs 85Rb, 87Rb and m Cd, 113Cd by the NMR-method. These pairs have been chosen, since the magnetic moments of the rubidium isotopes are very different and the chemical shifts of cadmium are very large8. Further, for these pairs accurate ratios of «^-factors measured by the optical pumping technique on free atoms are available 9' 10, which can be compared with those measured by the NMR method. An isotopic effect on the shielding constant ought to be easier to detect in the chosen cases since jo* | is mostly larger than j<5|; the appropriate shielding constants are known: 
Measurements of the Larmor Frequencies
The measurement of the Larmor frequencies of 85Rb and 87Rb has been made by a cw-nuclear magnetic resonance spectrometer reported else where 12' 13. The cadmium measurements were done with a Fourier transform NMR spectrometer 14. The Larmor-frequencies of each pair 85Rb, 87Rb and m Cd, 113Cd were measured alternately in the same probe and sample only by varying the radiofrequency. The magnetic field is held constant to 1 • lCT7 with the aid of a 7Li NMR probe15. Table 1 shows the experimental conditions.
The linewidths in the case of Rb are different because of the different quadrupole moments. The linewidths for the cadmium nuclei are due to the special technique, necessary for slowly relaxing nuclei with spin 1/2 (see Ref. 16 ) .
The results are given in Table 2 . The ratio of the cadmium isotopes was measured in two different samples, since we have found a very large difference between the Larmor frequencies in CdCI2-solutions and Cd (N03) «-solutions, measured by 111Cd NMR: the chemical shift between solution [2] and solution [3] is < 5 = 1.773 (4) ■ 1(T4, which is 6 times smaller than o*(Cd++ in H20 vs. free Cdatoms).
There are some other measurements of the ratios of the Larmor frequencies of the rubidium iso topes 17 and the cadmium isotopes 18' 19, which all have less accuracy or no given error 20. They are in agreement with our experiments within the given limits of error.
In Table 2 the results of the optical pumping ex periments using free atoms are also given.
Conclusions
Within the limits of error no difference between the NMR and the optical pumping experiments is observable, though the shielding constants of the NMR samples are rather large. The chosen isotopic pairs are very favourable since the rubidium iso topes have very different nuclear magnetic moments and different nuclear spin. In the case of cadmium we have very large shielding constants and also large differences in the shielding constants for the two samples used. We conclude, that in these cases an isotopic effect on the shielding constant must be very small if there is one at all.
Therefore we remark, that the NMR method re mains further a very simple and accurate method for measuring ratios of (^-factors of isotopes of the same element, which can be used in atomic physics.
Since the measurements mentioned in the intro duction are all made by the nuclear magnetic double resonance method21, a direct measurement of the ratios of the Larmor frequencies of these isotopic pairs seems to be very useful for clearing the discre pancies. Some work has recently done for the three tin isotopes 115Sn, 117Sn and 119Sn (see Ref. 22 Calculated from the given gi-factors, which are measured by the doublet method, giving just the resonance frequency of the shielded nucleus in the applied magnetic field 9.
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